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Abstract 

 

 This study aimed to evaluate production components, yield of maize intercropped with jack bean and soil resistance to penetration 

using different doses of gypsum. The experimental design was a randomized complete block design in split plots with four 

replications and was carried out during season 2013/2014. The main plots were maize intercropped with jack beans and maize sown 

alone, and the subplots were six doses of gypsum (0, 1, 2, 3, 4, 5 t ha-¹). Thirty days before maize sowing gypsum doses were 

manually applied to soil surface. The spacing between rows was 0.70 m, 4.2 sowing seeds per meter. Jack bean was manually sown 

two days after maize was sown in inter-row spacing. Production components and maize yield were assessed. After maize harvest, soil 

resistance to penetration was assessed. Gypsum doses promoted linear increases in the stem diameter of maize. Maize intercropping 

with jack bean (Canavalia eusiformis) did not affect the maize components of production and productivity, but reduced the soil 

penetration resistance. Rates of agricultural gypsum did not influence the productivity; however, it promoted a reduction in SPR at 

dose of 2.0 t ha-1. 

 

Keywords: Calcium sulphate; compression; conservationist systems. 

Abbreviation: SRP_Soil resistance to penetration. 

 

Introduction 

 

Intensive cultivation of soybean and maize under no-till 

system and crop rotation, with high straw production, has 

been used in the western region of Paraná for over 35 years.   

According to Lovato et al. (2004), an estimated 8 t ha-1 year/ 

dry mass is needed to maintain this cultivation system in the 

southern region. However, over the years the crops used in 

rotation (wheat, oats) were reduced; soybean or maize is 

grown in the summer and maize crop in the winter. 

Consequently, dry matter intake is insufficient to maintain the 

farming system, causing soil compaction. The use of 

intercropping can be an excellent alternative way to maintain 

this cultivation system, as it increases dry matter accumulated 

in the soil (Chioderoli et al. 2012; Seidel et al. 2015), 

promotes the improvement of physical and chemical 

properties of the soil and increases water infiltration rate  

(Conceição et al., 2005).  

Maize is considered a promising food crop for use in 

intercropping, although few studies were conducted on jack 

bean (Canavalia ensiformis) cropped as green manure.  

According to Perin et al. (2007), jack bean is very suitable for 

intercropping due to its physiological characteristics, 

prostrate growth habit (harvested at ground level) and 

adaptation to diffuse light conditions, generating increased 

dry matter of maize (Henrichs et al., 2002). The use of 

agricultural gypsum can also favor the improvement of 

physical and chemical properties of soil. Gypsum is a 

byproduct of phosphoric acid that mainly consists of calcium 

phosphate and low concentrations of P and F (Vitti, 2000).  

The efficiency of gypsum in the improvement of chemical 

properties of soil has been demonstrated in many studies. 

These improvements result from the increase in the 

concentration of calcium (Caires et al. 2003; Serafin, 2012;), 

and sulfur (Neis et al. 2010), the formation of less toxic 

species of Al (AlSO4
+) (Caires et al., 2006; Soratto and 

Crusciol, 2008; Raij, 2008) and Al3+ precipitation (Zandoná 

et al., 2015), leading to better root development and increased 

water and nutrient uptake by plants (Serafim et al. 2012). 

This can be explained by the fact that calcium is the main 

component of root cell wall, which acts on cell elongation 

and proliferation (Silva et al., 2013). Gypsum can increase 

water infiltration rate and reduce surface runoff by reducing 

surface waterproofing and the formation of crust (Favaretto et 

al. 2006, Silveira et al. 2008). These effects would contribute 

to increase water retention capacity in soil, resulting in 

increased production. However, Serafim et al. (2012) did not 

observe increase in water infiltration rate in the soil following 

the application of different doses of gypsum.  

According to Silva, et al. (2013) the use of agricultural 

gypsum can favor the resilience of soil organic matter. 

Decomposed crop residues release low-molecular-weight 

organic acids capable of forming organic complexes with 

calcium and clay (Amaral et al., 2004), increasing 

stabilization and the residence time of organic matter in the 

soil (Bronick and Lal, 2005). Soil resistance to penetration 

(SRP) is a parameter that can be used to assess whether soil 

physical properties favor root growth. SRP has a good 

correlation with root growth, is more sensitive than soil 

density and porosity, providing an accurate assessment of soil 

compaction (Abreu et al., 2004). 

Therefore, the present study aimed to assess production 

components, the yield of maize intercropped with jack bean,  
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Fig 1.  Maize stem diameter (a), and productivity (b) in function of surface application of agricultural gypsum in an Oxisol, during 

the summer crop seasons of 2013 and 2014. 

 

as well as soil resistance to penetration using different doses 

of agricultural gypsum.  

  

Results and Discussion 

 

Production components and productivity 

 

The results demonstrated an isolated effect of gypsum doses 

on stem diameter: increase in gypsum doses generated linear 

increase in stem diameter (Figure 1 a). In addition to 

sustaining the leaves and flower parts, the maize stem also 

provides a reserve (accumulation of photo-assimilates) for 

grain filling in case of stress (Cruz et al., 1996). However, in 

this experiment the diameter did not correlate with yield. The 

treatments had no effect on spike insertion height, spike 

length, mass per 1000 seeds and yield (p≤0.05). It was 

presumed that the use of agricultural gypsum increased crop 

yield, as it is a source of calcium, magnesium and sulfur and 

corrects   the   effects   of   subsurface   aluminum    toxicity;  

 

however, this was not observed in the present study, probably 

due to the existence of appropriate levels of these elements, 

as shown in chemical analysis. Such fact can be corroborated 

by the result of the analysis of yield of the treatment without 

agricultural gypsum:  8222 kg ha-1 (Figure 1 b). 

In contrast with our findings, Zandoná et al. (2015), 

Maschietto (2009) reported increase in the production of 

maize grains with the use of gypsum, due to the increase of    

Ca and S in leaf tissue. In a study on the combination of lime 

and gypsum in no-till system, Caires et al. (2003) reported an 

increase of 17% in the production of maize grains.   

Maize crop management influenced spike insertion height. 

The maximum spike insertion height was observed in 

intercropping with jack bean (82 cm), while in maize without 

intercropping the height was 78.33 (cm). Maize and jack bean 

intercropping did not reduce maize yield, which is very 

promising, since this green manure can provide several 

physical, chemical and biological benefits to the subsequent 

crop (Table 1).  
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Perin et al. (2007) and Fontanetti (2006) also found that 

intercropping maize and jack bean, when simultaneously 

sown, did not affect maize and maize grain production, is a 

viable system, which also improves soil properties. 

Regarding the results for interaction between intercropping 

and gypsum doses, there were statistically significant 

differences for stem diameter. In maize intercropped with 

jack bean stem diameter was adjusted with the application of 

a quadratic equation, and in maize sown alone there was no 

adjustment with any type of equation. The largest stem 

diameter was obtained with the dose of 4.83 t ha-1 of 

agricultural gypsum (Figure 2). 

 

Soil resistance to penetration 

 

Analysis of soil resistance to penetration (SRP), after the 

application of gypsum doses, showed adjustment to quadratic 

equation. The highest SRP (3.5 MPa) was obtained at the 

dose of 1.76 t ha-1 of agricultural gypsum (Figure 3). SRP 

values higher than 2.0 Mpa are considered critical for most 

crops, as they may restrict water infiltration and impair root 

growth, with impact on crop yield (Klein and Camara, 2007).  

The increase in gypsum doses above 1.76 t ha -1 reduced SRP, 

demonstrating that gypsum can improve physical properties 

of the soil, by increasing the attraction of soil particles and 

favoring soil aggregation.  

According to Zhang and Norton (2002), gypsum can 

effectively improve soil structure through a cation bridge 

binding clay minerals and soil organic carbon. Improvement 

in soil aggregation is important, particularly during drought 

periods because crops with more developed root systems will 

be less affected by the water deficit stress, as they will be 

able to absorb water from deeper soil layers, maintaining 

higher photosynthetic rates, and consequently increasing 

yield. 

Figure 4 shows the average results for SRP at a moisture 

rate of 0.15 m3 m-3. Soil management was found to influence 

SRP at all soil depths, and the lowest values were observed 

for maize intercropped with jack bean. The highest SRP 

value was observed in crops of maize sown alone at the depth 

of 0.25 m (5.13 Mpa). RSP values above 2 MPa have been 

associated to restriction to plant root growth, although this 

critical value depends on the species of the plant grown. The 

results demonstrated that before cultivation the soil was 

compacted, and that jack bean roots improved the physical 

properties of the soil. Figure 5 shows the results of the 

interaction between management system and gypsum doses.  

In maize with and without intercropping, the data on SRP 

showed quadratic adjustment for gypsum doses, and the 

highest SRP values were observed in maize sown alone 

(values above 2.0 Mpa, which however did not impact yield) 

In the area sown with maize intercropped with jack bean, the 

application of agricultural gypsum at doses above 3 t ha-1 

reduced SRP values, and in the area sown with maize alone, 

this reduction was observed after application of gypsum 

doses above 2 t ha-1.  

Corroborating these findings, Bonini and Alves (2012), in 

their study of different managements of Red Latosol, found 

that the treatment with pigeon pea and jack bean increased 

the physical properties of the soil and promoted conditions 

similar to those of Cerrado soil. 

 
Fig 2. Effect of surface application of rates of agricultural 

gypsum in an Oxisol and management system in maize stem 

diameter. 

 

 
Fig 3. Effect of different rates of agricultural gypsum in the 

soil penetration resistance in an Oxisol after the maize 

harvest. 

 
Fig 4. Soil penetration resistance in an Oxisol at different 

depths after the maize harvest intercropping with jack bean e 

no intercropping. 

 

 
Fig 5.  Soil penetration resistance in an Oxisol with different 

management system and rates of agricultural gypsum.  
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Contrasting results were obtained by Muller et al. (2012) in 

their assessment of gypsum doses applied to Red Latosol 

under no-till system. The authors reported increase in SRP 

following the use of agricultural gypsum, though below the 

critical limit. In turn, Cunha et al. (2009) did not report 

statistically significant differences in SRP after five years of 

cultivations under different management systems and the 

application of gypsum and limestone.  

 

Materials and methods 

 

Site and climate 

  

The experiment was conducted at Núcleo de Estações 

Experimentais of UNIOESTE, Campus de Marechal Cândido 

Rondon. The average altitude at the experiment site is 420 m 

and the geographical coordinates are 24º 31’ south latitude 

and 54º 01’ western longitude. The soil in the region was 

characterized as clayey Oxisol (Santos et al., 2013). The 

climate was subtropical Cfa, with rainfall well distributed 

throughout the year and hot summers, according to Koppen 

classification.  

 

Experimental design and treatments 

 

The experimental design was a randomized complete block 

design in split plots with four replications. The main plots 

were maize intercropped with jack bean and maize sown 

alone, and the subplots were six doses of agricultural gypsum 

(0, 1, 2, 3, 4, 5 t ha-¹). Each subplot had a total area of 31.5 

m² (4.5 m wide and 7 m long).  

 

Chemical characterization 

 

Before the experiment, samples were collected at soil depth 

0.0 – 0.20 m for determination of chemical and particle size 

properties. Chemical analyzes were performed according to 

the methodology proposed by Raij et al. (2001). The results 

obtained were as follows: pH (CaCl2)= 6.05; O. M.=24.61 g 

dm-3; P= 2.36 mg dm-3; Ca2+= 6.61 cmolc dm-3; Mg2+= 1.77 

cmolc dm-3; K+= 0.25 cmolc dm-3, Al3+= 0.00 cmolc dm-3 , 

H+ + Al3+= 2.54 cmolc dm-3 e V = 77.26%.  

 

Management and cropping systems 

 

Agricultural gypsum was applied to soil surface thirty days 

before maize sowing. Hybrid maize (30F53) was 

mechanically planted using no-till system. Spacing between 

rows was 0.70 m; 4.2 seeds were sown per linear meter. The 

base fertilization used was 300 kg ha-1 of 10-20-20 formula 

(N, P2O5 and K2O), respectively. Two days after maize 

sowing, jack bean was manually sown in inter-row spacing at 

the dose of 12 kg ha-1. Twenty-one (21) days after maize 

sowing topdressing fertilization with nitrogen was manually 

performed at the dose 120 kg ha-1.  Manual weeding was 

performed twice during the crop cycle during the experiment. 

Pest control was performed with pesticides, according to the 

technical recommendations for the crop.  

Plant height and stem diameter were measured seventy 

days later. For this, 10 plants were randomly selected in each 

plot. Maize harvest was manually performed one hundred and 

forty days after sowing, with the ears collected from the 

central rows of each plot (floor area). Then, the ears were 

shade dried and manually threshed. Spike length and 

diameter, 1000 grain weight were determined based on the 

eight samples of randomly selected 100 grains weight, with 

wet weight corrected for 130 g Kg-1.  Yield was determined 

by grain weighing and later by yield estimates (Kg ha-1).   

 

Soil penetration resistance 

 

Soil mechanical resistance to penetration was randomly 

assessed in the plots using impact penetrometer (Stolf et al., 

1983). The impact weight in free fall reached 0.40 m. The 

impact results in dm-1 were converted into impact on soil 

dynamic resistance (Mpa) through equation (Stolf, 1991): RP 

= 5.6 + 6.89 N, where: RP= Resistance to penetration in kgf 

cm-2; N= penetration in impact results in dm-1.  For 

conversion of RP in kgf cm-2 to MPa, the result obtained in 

equation 1 was multiplied by constant 0.0981. The results 

obtained were subjected to analysis of variance at 5% 

probability. Statistically significant difference was observed 

in qualitative variation; Tukey test at 5% probability was 

used, and regression analysis for quantitative data. The 

analyzes were performed with SAEG statistical package 

(Saeg, 2007). 

 

Conclusions 

 

Maize intercropping with jack bean (Canavalia eusiformis) 

did not affect the maize components of production and 

productivity, but reduced the soil penetration resistance. 

Rates of agricultural gypsum did not influence the 

productivity; however, it promoted a reduction in SPR at 

dose of 2.0 t ha-1. 

 

Acknowledgements 

 

The Araucaria Foundation for Scientific Initiation funded this 

research and Department of Agricultural Sciences, State 

University of West Paraná. 

 

References 

 

Abreu SL, Reichert JM, Reinert DJ (2004) Escarificação 

mecânica e biológica para a redução da compactação em 

Argissolo franco-arenoso sob plantio direto. R Bras Ci 

Solo. 28(3): 519- 531. 

Amaral AS, Anghinoni I, Deschamps FC (2004) Resíduos de 

plantas de cobertura e mobilidade dos produtos da 

dissolução do calcário aplicado na superfície do solo. R 

Bras Ci Solo. 28: 115-123.  

Bonini CSB, Alves MC (2012) Qualidade física de um 

Latossolo Vermelho em recuperação há dezessete anos. 

Rev Bras Eng Agric Ambient. 16(4): 329-336. 

Bronick CJ, Lal R (2005) Soil structure and management: a 

review. Geoderma. 124: 3-22. 

Caires EF, Blum J, Barth G, Garbuio FJ, Kusman MT (2003) 

Alterações químicas do solo e resposta da soja ao calcário e 

gesso aplicados na implantação do sistema de plantio 

direto. R Bras Ci Solo. 27(2): 275-286. 

Caires EF, Churka S, Garbuio FJ, Ferrari RA, Morgano MA 

(2006). Soybean yield and quality as function of lime and 

gypsum applications. Sci agric. 63(4): 370-379. 

Conceição PC, Amado TJC, Mielniczuk J, Spagnollo E 

(2005) Qualidade do solo em sistemas de manejo avaliada 

pela dinâmica da matéria orgânica e atributos relacionados. 

R Bras Ci Solo. 29(5): 777-788.  

Cunha JPA, Carvalho Junior PC, Souza JV, Borges EM, Reis 

EF dos (2009) Compactação do solo sob sistemas de 

manejo convencionais e conservacionistas. R Eng Agric. 

17(2): 155-162. 



989 
 

Chioderoli CA, Mello LMM, Holanda HV, Furlani CEA, 

Grigolli PJ, Silva JOR, Cesarin AL (2012) Consórcio de 

Urochloas com milho em sistema plantio direto. Cienc 

Rural. 42(10): 1804-1810.  

Favaretto N, Norton LD, Joern BC, Brouder SM (2006) 

Gypsum amendment and exchangeable calcium and 

magnesium affecting phosphorus and nitrogen in runoff. 

Soil Sci Soc Am J. 70: 1788-1796. 

Fontanetti A, Galvão JCC, Santos IC, Miranda GV (2006) 

Produção de milho orgânico no sistema plantio direto. 

Inform agropecu. 27(233):127-136. 

Heinrichs R, Vitti GC, Moreira A, Fancelli AL (2002) 

Produção e estado nutricional do milho em cultivo 

consorciado intercalar com adubos verdes. R Bras Ci Solo. 

26(1): 225-230.   

Klein VA, Camara RK (2007) Rendimento da soja e intervalo 

hídrico ótimo em Latossolo Vermelho sob plantio direto 

escarificado. R Bras Ci Solo. 31: 221-227. 

Lovato T, Mielniczuk J, Bayer C, Vezzani F (2004) Adição 

de carbono e nitrogênio e sua relação com os estoques no 

solo e o rendimento do milho em sistemas de manejo. R 

Bras Ci Solo. 28(1): 175-187. 

Maschietto EHG (2009) Gesso agrícola na produção de milho 

e soja em solo de alta fertilidade e baixa acidez em 

subsuperfície em plantio direto 56f. (Mestrado em 

Agricultura), Universidade Estadual de Ponta Grossa, Ponta 

Grossa.  

Moraes DF, Brito CH (2011) Análise de possível correlação 

entre as características morfológicas do colmo do milho e o 

acamamento. Available at: 

<http://www.seer.ufu.br/index.php/horizontecientifico/artic

le/viewFile/4079/3038>. Access: May 12th, 2015. 

Muller MML, Tormena CA, Genú AM, Kramer LFM, 

Michalovicz L, Caires EF (2012) Structural quality of a no-

tillage red latosol 50 months after gypsum aplication. R 

Bras Ci Solo. 36(3): 1005-1014. 

Neis L, Paulino HB, Souza ED, Reis EF dos, Pinto FA 

(2010). Gesso agrícola e rendimento de grãos de soja na 

região do sudoeste de Goiás. R Bras Ci Solo. 34(2): 409-

416. 

Perin A, Bernardo JT, Santos RHS, Freitas GB (2007) 

Desempenho agronômico de milho consorciado com feijão-

de-porco em duas épocas de cultivo no sistema orgânico de 

produção. Ciênc agrotec. 31(3): 903-908. 

Raij BV, Andrade JC, Cantarella H, Quaggio JÁ (2001). 

Análise química para avaliação da fertilidade de solos 

tropicais. Campinas Instituto Agronômico. Campinas. 

285p. 

Raij BV (2008) Gesso na agricultura. Instituto Agronômico 

de Campinas. Campinas, 233 p.  

Ribeiro Júnior JI (2001) Análises estatísticas no SAEG. 

Viçosa, UFV. 301p. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rosa Júnior EJ, Martins RMG, Rosa YBCJ, Cremon C 

(2006). Calcário e gesso como condicionantes físico e 

químico de um solo de cerrado sob três sistemas de manejo. 

Pesqui Agropecu Trop. 36: 37-44. 

Santos HG dos, Almeida JA, Oliveira JB de, Lumbreras JF, 

Cunha dos Anjos LH, Coelho MR, Jacomine PKT, Cunha 

TJF, Oliveira VÁ de (2013) Sistema brasileiro de 

classificação de solos. Embrapa Solos, Rio de Janeiro. 

306p. 

Seidel EP, Mattia V, Mattei E, Corbari F (2015) Produção de 

matéria seca e propriedades físicas do solo na consorciação 

milho e braquiária. Sci Agrar Parana. 14(1): 18-24. 

 Serafim ME, Lima JM de, Lima VMP, Zeviani WM, Pessoni 

PT (2012) Alterações físico-químicas e movimentação de 

íons em Latossolo gibbsítico sob doses de gesso. Bragantia. 

71(1): 75-81. 

 Silva EA da, Oliveira GC de, Carducci CE, Silva BM, 

Oliveira LM de, Costa JC (2013) Increasing doses of 

agricultural gypsum, aggregate stability and organic carbon 

in cerrado Latosol under coffee crop.  R. Ci. Agrár. 56(1): 

25-32. 

Silveira KR, Ribeiro MR, Oliveira LB, Heck RJ, Silveira RR 

(2008) Gypsum-saturated water to reclaim aluvial saline 

sodic and sodic soils. Sci Agric. 65(1): 69-76. 

Soratto RP, Crusciol CAC (2008) Atributos químicos do solo 

decorrente da aplicação em superfície de calcário e gesso 

em sistema plantio direto recém-implantado. R Bras Ci 

Solo. 32(2): 675-688. 

Stolf R, Fernandes J, Furlani Neto VL (1983) Recomendação 

para o uso do penetrômetro de impacto modelo 

IAA/Planalsucar-Stolf. Piracicaba: IAA/PLANALSUCAR, 

Boletim n.1. 9p. 

Stolf R (1991) Teoria e teste experimental de fórmulas de 

transformação dos dados de penetrômetro de impacto em 

resistência do solo. R Bras Ci Solo. 15: 229-235. 

Vitti CG, Luz PHC, Malavolta E, Dias AS, Serrano CGE 

(2008) Uso do gesso em sistemas de produção agrícola. 

Piracicaba-SP.104 p. 

Zandoná RR, Beutler AN, Burg GM, Barreto CF, Schmidt 

MR (2015) Gesso e calcário aumentam a produtividade e 

amenizam o efeito do déficit hídrico em milho e soja. 
Pesqui Agropecu Trop. 45(2): 128-137. 

Zhang XC, Norton LD (2002) Effect of exchangeable Mg on 

saturated hydraulic conductivity, disaggregation and clay 

dispersion of disturbed soils. J. Hydrol. 260: 194-205.  

http://www.seer.ufu.br/index.php/horizontecientifico/article/viewFile/4079/3038
http://www.seer.ufu.br/index.php/horizontecientifico/article/viewFile/4079/3038

